' . . . ° .

® Selected a'rcea-ele.ctron ®

. ¢ diffraction .

Conve"‘rge‘nt‘ bam e‘lec*tron
[ ] 3 b « O

. Preces’suovn electron .

L

s d|.ffr ction s B




Purpose of this lecture

At the end of this lecture, you should be able to
1) index SAED patterns if the cell parameters are known

2) know how to determine unknown cell parameters
from SAED patterns

3) determine the possible space groups from SAED
patterns

4) determine possible point groups from CBED patterns
5) solve a simple structure ab initio from PED patterns



Example materials used in this lecture

Aluminum

Rutile-type SnO,

Slides are on http://www.slideshare.net/johader

The pages with the ED for the exercises can be
found at the end of this ppt.



http://www.slideshare.net/johader

1. Selected area

electron diffraction
(SAED)



Example 1: a known material, e.g. SnO,
Tetragonal, a=b=4.72 A, c=3.16 A

4.72

3.34

4.72




List of hkl —d

Powdercell

Input:
P42/mnm
a=b=4.72 A
c=3.17 A

H K L 2Theta d/A

1 1 0 26.688 3.33754
1 0 1 34.041  2.63158
2 0 0 38.101  2.36000
1 1 1  39.161  2.29848
2 1 0 42.806 2.11085
2 1 1 52.007 1.75697
2 2 0  54.980 1.66877
0 0 2 58.155 1.58500
3 1 0 62.139 1.49260
2 2 1 62.886 1.47666
1 1 2 65.097 1.43175
3 0 1 66.266 1.40930
3 1 1 69.560 1.35039


http://www.ccp14.ac.uk/ccp/web-mirrors/powdcell/a_v/v_1/powder/e_cell.html

Determine the zone-axis

10

00

[001] [010]



If cell parameters/material unknown

Shortest vectors, high symmetry, ...

best during TEM experiment



Starting from nothing: aluminum
First determine the cell parameters

Make a tilt series




Do you recognize any typical symmetry?
@ Only 2-fold

@ 2- and 4-fold
2-, 4- and 6-fold




Do you recognize any typical symmetry?
@ Only 2-fold
@ 2- and 4-fold
2-, 4- and 6-fold




What crystal class has both 4-fold and 6-fold axes?
@ cubic

@ hexagonal

none




What crystal class has both 4-fold and 6-fold axes?
@ cubic

@ hexagonal
none

L]

L]



In SAED patterns there is always an
inversion centre due to the diffraction
geometry!



What crystal class has both 4-fold and 3-fold axes?
@ cubic

@ hexagonal

none




What crystal class has both 4-fold and 3-fold axes?

@ cubic D
@ hexagonal
none






simple_cubic.diamdoc

How many possible choices for the basic vectors are
there on this square pattern?

@1

(W

more




How many possible choices for the basic vectors are
there on this square pattern?

@1

Croe >




There can be a reflection condition!
hkO: 1{0]0)

no cond. 6)106—T

b*

Choose simplest
first and see if ok
with other zones.




hkO: 100

. - a*.
no cond.fekiy, <—T -

b*

Measure R

Calculate d from R.d=AL (known)

Determine a, b, ¢

Make list of d-spacings

Check if you can index the other patterns with this



What will be the value of a and b with this choice?

©®1.43
@203

4.06




What will be the value of a and b with this choice?
43




If no reflection condition:
a=b=c=2.03 A

list of d-spacings freeware: Powdercell

H KL d/A _
Can you index all
observed
1 0 0 2.03000 reflections using
1 1 0 1.43543 these Ce”
111 117202 parameters?
2 0 0 1.01500 as
2 1 0 090784 oV
2 1 1 0.82874 ®no


http://www.ccp14.ac.uk/ccp/web-mirrors/powdcell/a_v/v_1/powder/e_cell.html

If no reflection condition:
a=b=c=2.03 A

list of d-spacings freeware: Powdercell

H KL d/A _
Can you index all
observed
1 0 0 2.03000 reflections using
1 1 0 1.43543 these Ce”
111 117202 parameters?
2 0 0 1.01500 as
2 1 0 0.90784
2 1 1 0.82874 @


http://www.ccp14.ac.uk/ccp/web-mirrors/powdcell/a_v/v_1/powder/e_cell.html

. 3
no cond. @)10(——T

b*

Increase the cell

parameters to the next
possibility...

Which one has second
smallest cell parameters?
@ top
@ left




. 3
no cond. @)10(——T

b*

Increase the cell

parameters to the next
possibility...

Which one has second
smallest cell parameters?
top

C@left>




In this case, a=b=
@®1.43 A
@®2.03A

2.86 A



In this case, a=b=
@®1.43 A
@®2.03 A

C286A O




If hkO:h+k=2n, then a=b=2.86 A

list of d-spacings, Powdercell:

I

A

—

d/A

W N W WNOWNDNNMNDNEREEREPRE

NNEFEPEFEPNOMNRPEPEPFPRPOEREEO
O NFPOPRFPOOPRFR, OO OO

2,86000
2,02233
1,65122
1,43000
1,27903
1,16759
1,01116
0,95333
0,95333
0,90441
0,86232
0,82561
0,79322

Can you index all
observed
reflections using
these cell
parameters?

@ves
®no


http://www.ccp14.ac.uk/ccp/web-mirrors/powdcell/a_v/v_1/powder/e_cell.html

If hkO:h+k=2n, then a=b=2.86 A

list of d-spacings, Powdercell:

I

A

—

d/A

W N W WNOWNDNNMNDNEREEREPRE

NNEFEPEFEPNOMNRPEPEPFPRPOEREEO
O NFPOPRFPOOPRFR, OO OO

2,86000
2,02233
1,65122
1,43000
1,27903
1,16759
1,01116
0,95333
0,95333
0,90441
0,86232
0,82561
0,79322

Can you index all
observed
reflections using
these cell
parameters?

es

C@no >


http://www.ccp14.ac.uk/ccp/web-mirrors/powdcell/a_v/v_1/powder/e_cell.html

If hkO:h+k=2n, then a=b=2.86 A
list of d-spacings, Powdercell:

I

A

—

d/A

W N W WNOWNDNNMNDNEREEREPRE

NNEFEPEFEPNOMNRPEPEPFPRPOEREEO

O NPFPOPFPOOPFROORKr OO

2,86000
2,02233
1,65122
1,43000
1,27903
1,16759
1,01116
0,95333
0,95333
0,90441
0,86232
0,82561
0,79322

| show also the
reflections not in
agreement with
hkO: h+k=2n.
Will they be seen on any
of the SAED patterns of
the tilt series?

@it is possible

@always

never


http://www.ccp14.ac.uk/ccp/web-mirrors/powdcell/a_v/v_1/powder/e_cell.html

If hkO:h+k=2n, then a=b=2.86 A
list of d-spacings, Powdercell:

I

A

—

d/A

W N W WNOWNDNNMNDNEREEREPRE

NNEFEPEFEPNOMNRPEPEPFPRPOEREEO

O NPFPOPFPOOPFROORKr OO

2,86000
2,02233
1,65122
1,43000
1,27903
1,16759
1,01116
0,95333
0,95333
0,90441
0,86232
0,82561
0,79322

| show also the
reflections not in
agreement with
hkO: h+k=2n.
Will they be seen on any
of the SAED patterns of
the tilt series?
@it is possible >
@always
never



http://www.ccp14.ac.uk/ccp/web-mirrors/powdcell/a_v/v_1/powder/e_cell.html

Next possibility...




In this case, a=b=
@®2.03 A
@4.06 A

5.92 A



In this case, a=b=

@®2.03 A
@4.06 A

5.92 A




If hkO:h k=2n, then a=b=4.06 A

list of d-spacings, Powdercell:
H K L

d/A

N W OWN WDNDNNDNREREPRE R

N R RNONRRORIERO

NP ORFRPOORKFrr OO0k OO0

4,06000
2,87085
2,34404
2,03000
1,81569
1,65749
1,43543
1,35333
1,35333
1,28388
1,22414
1,17202

o0 pPpObrPpOWLWPWWbdPoww
R W O N WMNDNWWEDNEONDN

2

0

OO OMNMNPFPOPFPROEFLNOO-LBR

1,12604

1,08508

1,01500
0,98469
0,98469
0,95695
0,95695
0,93143
0,90784
0,88596
0,86559
0,82874
0,81200
0,81200
0,79623

0,79623
0,78135

4 31
511
3 3 3 0,78135

Can you index all
observed reflections
with these cell
parameters?

@ vyes
@ no

Do it now.


http://www.ccp14.ac.uk/ccp/web-mirrors/powdcell/a_v/v_1/powder/e_cell.html

If hkO:h k=2n, then a=b=4.06 A

list of d-spacings, Powdercell:
H K L

d/A

N W OWN WDNDNNDNREREPRE R

N R RNONRRORIERO

NP ORFRPOORKFrr OO0k OO0

4,06000
2,87085
2,34404
2,03000
1,81569
1,65749
1,43543
1,35333
1,35333
1,28388
1,22414
1,17202

o0 pPpObrPpOWLWPWWbdPoww
R W O N WMNDNWWEDNEONDN

2

0

OO OMNMNPFPOPFPROEFLNOO-LBR

1,12604

1,08508

1,01500
0,98469
0,98469
0,95695
0,95695
0,93143
0,90784
0,88596
0,86559
0,82874
0,81200
0,81200
0,79623

0,79623
0,78135
0,78135

4 3 1
5 1 1
3 3 3
Can you index all

observed reflections

with these cell
parameters?

C@ yes O
@ no

Do it now.


http://www.ccp14.ac.uk/ccp/web-mirrors/powdcell/a_v/v_1/powder/e_cell.html

@110
The index of this reflectionis @220




O
The index of this reflection is<_@ 220




@200
The index of this reflectionis @010

020




@200
The index of this reflectionis @010

C 020 >




®333 How to
The index of this reflectionis @511 decide
1 this?




@333 How to

The index of this reflection |s%_'l..‘l> decide
this?




@333
The index of this reflectionis @511

\ 511




511 and 5117 115 and 115°?

511 and 5117 115 and 115?

Calculate angles etc (lectures Mon-Wed)
or
just do it graphically...



201

202

203

300

301

302

303

400

402

403

500

502

503




@333

The index of this reflection is%.’l..‘l>
S~ 511

0O
511 511







201

202

203

300

301

302

303

400

402

403

500

502

503




®411
The index of this.reflectionis @311










201

202

203

300

301

302

303

400

402

403

500

502

503













Zone axes for this zone for example?




Zone axes for this zone for example?







Indexed
-> cell parameter:
a=4.06 A

Space group?
Possibility from SAED:
extinction symbol.
-> Determine reflection
conditions.

Reflection conditions (Indices are permutable, apart from
space group No, 203) +f Extinction Point group
ki Okl hhkl 00! symbol - {23 w3 432, 43m m3m
P——— {P23(195) Pm3 (200) | P432 (207) Pd3m (215) | Pm3m (221)
! {ﬁ; ~ P23 (198) P4,32 (208)
()
! ! P——n P43n (218) | Pmin (223)
ktt ! Pa— — Pad (205) -
k1 t Pr—— Pn3 (201) Pn3m (224)
kot ! ! Pn—n Fn3n (222)
KEk+ J_:I __;.-+r \'I MI' I j Ep—_— [ﬁ?;:?;g}] 8% [mm3 (204) 132 (211} 14301 (217) _Eﬁm (229}
htk+l o ekr [ [=dn |14—— L 14432 (214)
htk+lo okl Yp+i=dnl |[[=dn |I--d 143d (220
hhk+1 k1 ! ! fa - 13 (206)
h+k+1 BT U+i=dnl |I=dn |lad la3d (230)
B4 kb Lk DT kil ! F o |F23(106) Fmd (202) | F432 (209) Fad3m (216) |Fm3m (225)
oot kb kT | ! Bl l=dn |Fd— - Fd,33 (210) .
b+ h+Lk+1 |1 B I Fe —¢ Fd3c (219) |Fmie (226)
h+kh+Lk+1 |k+1=4mkd (R4l l=4n |Fd—— Fd3 (203) Pd3m (227}
h+kh+Lk+1 |k+1=dnmkl |k I=dn |Fd—c : Fd3c (228)




hkl:@h+k+1=2n Bravais lattice: F@
@all odd, all even mmm) @

no conditions




hkl:@h+k+|=2n Bravais lattice: F

C@all odd, all even> mmm) @

no conditions




hkl:@h+k+I=2n Bravais Iattic@
C@all odd, all even> mmm) @

no conditions




We know: hkO: h=2n, k=2n. Is this an extra

condition, or is it a consequence of F also?
@Consequence




We know: hkO: h=2n, k=2n. Is this an extra
condition, or is it a consequence of




Are there any extra conditions, i.e. conditions
that are not already implied by hkl: all odd, all
even? @VYes




Are there any extra conditions, i.e. conditions
that are not already implied by hkl: all odd, all
even?




Liae class

m3 (2/m 3) m3nr (4/m 3 2{m)
Reflection conditions (Indices are permutable, apast from
No, 205) i
space group No, 205} 1 Extinction Point group
hkl Okl ikl oo symbol - {23 m3 432, 43m m3m
P ——— {P23(195) Pm3 (200) | P432 (207) P43m (215) [ Pm3m (221)
F2(— -
! {mi— P23 (198) P4, 32 (208)
P4;32 (213)]
I=dn Pq-!— - {Pﬂ-@jz [111}}#*
! ! P— —n P43n (218) | Pm3n (223)
ktt ! Pa— — Pa3 (205) -
k1 ! Pr—— Pn3 (201) Pn3m (224)
k1 ! ; Pn—n Fn3n (222)
Sa TN : : 123 (197) _ _ ,_ _
Wkt | k1 \ I ! F——- [1213 {EQEF}] 8% |Im3 (204) [1432 (211) 143m:(217) | Im3m (229)
htk+l ) kAl ol [=dn (14— — L 14,32 (214)
Rkt Lo olk+bo htl=dnl |I=dn |[--d ' 143d {220)
N k1 ! ! Fa = — Ia3 (206)
S L Ia3d (230)
(196) Fm3 (202) | F432 (209) F43m (216) |Fm3m (225)
Fd4,32 (210) .
F43c (219) |Fm3e (226)
i Fd3 (203) Fd3m (227)
h+kh+LEk+I0k+1=4nmk,1 - Fd3c (228)

Possible space groups: F23, Fm3, F432, F43m, Fm3m

from: International Tables for Crystallography Volume A, ed. Theo Hahn, Kluwer Ac. Pub., 2002




Possible space groups: F23, Fm3, F432, F43m, Fm3m

Il

Same extinctions.
Difference: 1, 2, m; give no extinctions.

Convergent beam electron diffraction
CBED



2. Convergent beam
electron diffraction
(CBED)



SAED

CBED

Example: rutile-type SnO,




Projection symmetry: 2D, diffuse features
Full symmetry: 3D, sharp features

BF

WP

Lots of tables!



Point groups vs. diffraction groups

Relation between diffraction groups and crystal point-groups
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B.F. Buxton, J.A. Eades, J.W. Steeds and G.M. Rackham: Phil. Trans R Soc. Londen, 281 (1976) 171
Courtesy of the Royal Society of London



6mm1ly
3m1lg
6mm
6mgymg
61,

31,

6gmmg
3m
3mg

6r

4dmm1lg
4emmg
4mm

4dmgmg

41,

2mm1lg
2:mmg
2mm

2mgmg

1S

~ £ 1S

N EE ENESE
N £ Eg T 9T 5§ o

6
6/m
622
6mm
-6m2
6/mmm
23
m3
432
-43m

m3m







Projection whole pattern symmetry [001]

@®4imm
2mm




Projection whole pattern symmetry [001]




Projection WP: 4mm

Projection diffraction group:
Table Eades

@4
@4.mm,
Amml,

Table from: J.A. Eades,
Convergent beam diffraction, in:
Electron Diffraction Techniques,
volume 1, ed. J. Cowley, Oxford
University Press, 1992

330

Table 7.1:

J.A. Eades

Diffraction Groups

and Pattern Symmetries

Table 7.2:
Diffraction Groups and
Pattern Symmetries

Projection

diffraction bright whole

group

2MRMR
2mm

2rRMMR
2mmig

41R
4mpmpR
4mm
4pmmpR
4mmiR
31iRp
3mp

3mig

61R

6mMRMR
6mm

6rmMmp
6mmiR

field

33 M= D=

4mm
4mm
4mm
4mm

3m
3m
6mm

6mm
6mm

emm

projection

pattern diffraction

— -

N - N

3

A pOAR NINN -
g33 33

NS
33
33

4mm

group

1R
1R

21R
21R
21R

miR
miR
mip

2mmip
2mmiR
2mmip
2mmiR

41R
41R
41R

4ammig
4mmip
4mmiR
ammig

31iR
31y

3mip
3miR
3amip

61R
61R
emmip
smmin

6mmip
6mmiR

group

1R
'21R
miR

2mmiR

41R

4mmiR

31R

3mig

61R

emmip

2mm

2mm

4mm

emm

emm

projection bright whole
diffraction field

pattern

2mm

4mm

3m

emm



Projection WP: 4mm

Projection diffraction group:
Table Eades

@4
@®4.mm,

Cammi,>

Table from: J.A. Eades,
Convergent beam diffraction, in:
Electron Diffraction Techniques,
volume 1, ed. J. Cowley, Oxford
University Press, 1992

330

Table 7.1:

J.A. Eades

Diffraction Groups

and Pattern Symmetries

Table 7.2:

Projection

Diffraction Groups and
Pattern Symmetries

diffraction bright whole

group

2MRMR
2mm

2rRMMR
2mmig

41R
4mpmR
4mm
4pmmpR
4mmiR
31iRp
3mp

3mig

61R

6mMRMR
6mm

6rmMmp
6mmiR

field

33 M= D=

4mm
4mm
4mm
4mm

3m
3m
6mm

6mm
6mm

emm

projection

pattern diffraction

— -

N - N

3

A pOAR NINN -
g33 33

NS
33
33

4mm

group

1R
1R

21R
21R
21R

miR
miR
mip

2mmip
2mmiR
2mmip
2mmiR

41R
41R
41R

4ammig
4mmip
4mmiR
ammig

31iR
31y

3mip
3miR
3amip

61R
61R
emmip
smmin

6mmip
6mmipR

projection bright whole
diffraction field

group

1R

21R

miR

2mmiR

41R

4mmiR

31R

3mig

61R

emmip

2mm

2mm

4mm

emm

emm

pattern

2mm

4mm

3m

6mm



Projection diffraction group:
4mml,

Possible diffraction groups:
Ammpg
dmm

4ARmmg
Amm1,

Table from: J.A. Eades,
Convergent beam diffraction, in:
Electron Diffraction Techniques,
volume 1, ed. J. Cowley, Oxford
University Press, 1992

330

Table 7.1:

J.A. Eades

Diffraction Groups

and Pattern Symmetries

Table 7.2:
Diffraction Groups and
Pattern Symmetries

Projection

diffraction bright whole

group

2MRMR
2mm

2rRMMR
2mmig

41R
4mpmR
4mm
4pmmpg
4mmiR
31iRp
3mp

3mig

61R

6mMRMR
6mm

6rmMmp
6mmip

field

N=N N

4mm
4mm
4mm
4mm

3m
3m
6mm

émm
6mm

emm

projection

pattern diffraction

— -

N - N

3

A pOAR NINN -
g33 33

NS
33
33

4mm

group

1R
1R

21R
21R
21R

miR
miR
mip

2mmip
2mmiR
2mmip
2mmir

41R
41R
41R

4ammig
4mmip
4mmiR
ammig

31iR
31y

3mip
3miR
3amip

61R
61R
emmip
smmin

6mmip
6mmiR

group

1R

"21R

miR

2mmiR

41R

4mmiR

31R

3mig

61R

emmip

2mm

2mm

4mm

emm

emm

projection bright whole
diffraction field

pattern

2mm

4mm

3m

emm



Table redrawn
from B.F. Buxton,
J.A. Eades, J.W.

Steeds, G.M.

Rackham: Phil.

Trans. R. Soc. € €

London, 281 ~ c g E £~ E £ ¢
E N g E E o ~ £ S E N~ € £ n N m om

(1976) 171 Y 4~ E N N E <« 3398 8§53 000,052 5T ERTE
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Table 7.1:

J.A. Eades

Diffraction Groups

and Pattern Symmetries

Table 7.2: Projection
Diffraction Groups and
Pattern Symmetries

diffraction bright whole
field pattern

group

1R

-

4
4R
41R

4mMRpmMR
4mm

dpmmRQR
4mmiR

4mm

- 4mm

4mm
4mm

A NS

4

4mm
2mm
4mm

projection li projection btight whole
diffraction j| diffraction field pattern

group

1R
1R

N

41R
41R
41R

4mmig
4ammip
4mmiR
4mmiR

group

1R

"41R

4ammin

[...]

4 4

4mm 4mm

What will be useful to narrow it down further?

O look at the bright field symmetry

@ ook at the whole pattern symmetry



330

Table 7.1:

J.A. Eades

Diffraction Groups

and Pattern Symmetries

Table 7.2: Projection
Diffraction Groups and
Pattern Symmetries

diffraction bright whole
field pattern

group

1R

-

4
4R
41R

AMRMR
4mm

4ammR
4mmiR

What will be useful to narrow

4mm
- 4mm
4mm
4mm

A NS

4

4mm
2mm
4mm

projection li projection btight whole
diffraction j| diffraction field pattern

group

1R
1R

N

41R
41R
41R

4mmig
4mmipg
4mmiR
4mmiR

group

1R 2 1
[...]

|!419 4 4

4mmiRn 4mm 4mm

it down further?

look at the bright field symmetry

&

look at the whole pattern symmetry —>




WP symmetry

@4
@®4imm
2mm




WP symmetry
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Table 7.1:

J.A. Eades

Diffraction Groups

and Pattern Symmetries

Table 7.2: Projection
Diffraction Groups and
Pattern Symmetries

diffraction bright whole
group field

projection

pattern diffraction ||

group

1 1 1 1R

1R 2 i 1R

4 4 4 41R

4R 4 2 41R

41R 4 4 41R
dmpmp  Amm 4 | dmmig
4mm 4dmm 4mm ammip
Armmp—4mm—2mm—| dmmip
4mmip 4mm 4mm 4mmiR

projection btight whole

diffraction field pattern
group

iR 2 1

41R 4 4
4dmmigr  4mm 4mm






Index it.

This is:

101
110
111

Another pattern

SAED



Another pattern

Index it.

This is:

@([110]
111]

SAED



Projection whole pattern [101]

2mm



Projection whole pattern [101]
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Table 7.1:

J.A. Eades

Diffraction Groups

and Pattern Symmetries

Table 7.2: Projection
Diffraction Groups and
Pattern Symmetries

diffraction bright whole

group

2MRMR
2mm

Z2ZRMMR
2mmign

field

N NN D=
333
3

2mm
2mm

2mm

w—te wd

N =N

N N —
33 =3=

N
3
3

projection
pattern diffraction

group

1R
1R

21R
21R
21R

miR
miR
mig

2mmin
2mmiR
2mmipg
2mmipg

projection bright whole
diffraction field pattern
group
1R 2 1 Possible projection
diffraction group:
21R 2 2
| 0?2 1q
®mil;
miR 2mm m
2mml;
2mmiR 2mm  2mm
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Table 7.1:

J.A. Eades

Diffraction Groups

and Pattern Symmetries

Table 7.2:
Diffraction Groups and

Projection

Pattern Symmetries

diffraction bright whole
pattern diffraction j| diffraction field

group

2MRMR
2mm

Z2ZRMMR
2mmign

field

N NN D=
333
3

2mm
2mm

2mm

w—te wd

N =N

N N —
33 =3=

N
3
3

projection li projection bright whole
pattern

group

1R
1R

21R
21R
21R

miR
miR
mig

2mmin
2mmiR
2mmipg
2mmipg

group

1R

21R

miR

2mmiR

2 1

2mm m

2mm  2mm

Possible projection
diffraction group:

@21,
®Omil,

C2mml; O




Whole pattern [101]

(smaller cond.ap.)

2mm



Whole pattern [101]

(smaller cond.ap.)

02

@m >

2mm
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Table 7.1:

J.A. Eades

Diffraction Groups

and Pattern Symmetries

Table 7.2:
Diffraction Groups and

Projection

Pattern Symmetries

diffraction bright whole

group

2MRMR
2mm

Z2ZRMMR
2mmign

field

N N s N ) —
333
3

2mm
2mm

2mm

w—te wd

N =N

N N —
33 =3=

N
3
3

projection
pattern diffraction

group

1R
1R

21R
21R
21R

miR
mip
miR

2mmin
2mmiR
2mmipg
2mmipg

projection bright whole
diffraction field

group

miR

2mmiR

2mm m

2mm  2mm

pattern

Diffraction group:

@ 2mm
@®2,mm,
2mml;



330 J.A. Eades

Table 7.1: Diffraction Groups Table 7.2: Projection
and Pattern Symmetries Diffraction Groups and
Pattern Symmetries

diffraction bright whole projectionliprojection bright whole
group field pattern diffraction j|diffraction field pattern

group group

1 1 1 1R 1R 2 1 .

1R 2 1 1R Diffraction group:
2 2 2 21R

2 1 1 21R 21R 2 2 ,

21R 2 2 21R ‘ 2mm

mR m 1 mig <. sz mD
m m m miR miR 2mm m

miR 2mm m miRg 2m m 1R
2mgmg  2mm 2 2mmin

2mm 2mm  2mm 2mmiRp ||2mmiR 2mm 2mm

ZRIMMR m m 2mmip

2mmig  2mm  2mm 2mmipg







Possible point groups
4/mmm

Siepls



Laoe class

— (T

4/m A i (4 fm 2Jm 2/m)
Reflection conditions | Puint group
Extinction
1kl hkD DR oo/ (0 § R0 | symbol 4 4 4/m 427 dmm
Pe—— |P4(75) P4 (81) | P4/m (83) | P422 (89) Plnen (99 | PA2m (111)
- Pdm?2 {115}
k P-2i— P42, 2 (90) Pa2 m (113)
! Ply— — | P4, (TT) P4z /m (B4) | P4;22 (93)
! ko Pdy2y— P4;2,2 (94)
= an P (o a1 {Pas )
N (paaaonl,
! P——c¢ Pdame (103} [ P420 (112)
! k P-2c : Pa2ie (114)
k k Peb~ Pabm (100; | P452 (117)
k f k P —bc Pazhe (106)
! [ Peg = Piyem (101) | Pac2 (116)
! | P=rcec Pdee {103)
k+1 I k Peint— Pdyrm (102) | P42 (118)
k41 I k P—nc Pdnc (104)
h+k k Pn— P4 fn (85)
htk ] F: Py frie — P4y fn (R6)
A+ k I s Pn—¢

P fomen {123}

Pea frme (1311

P4 fmbm (127)
Pdy fmbe (135}
Py fmem (132
Pdfmee (124}
Pdy fmnm {136}
Pd fmne [128)
P fasem {1299

P e [ 137

from: International Tables for Crystallography Volume A, ed. Theo Hahn, Kluwer Ac. Pub., 2002



Combine with information about
reflection conditions from SAED patterns

020 002 002

hkl:
@no conditions
@h+k+l=2n



Combine with information about
reflection conditions from SAED patterns

020 002 002

@h+k+l=2n



Combine with information about
reflection conditions from SAED patterns

020 002 002

hkO: Okl: hhl:
@no conditions @ no conditions @ no conditions
@h+k=2n @ k+l=2n @ =2n
k=2n or |1=2n



Combine with information about
reflection conditions from SAED patterns

020 002 002

hkO: Okl: hhl:
(‘no conditi@ @ no conditions @ no conditions
@h+k=2n @ k+l=2n @ =2n
k=2n or I=2n




Combine with information about
reflection conditions from SAED patterns

020 002 002

hkO: Okl: hhl:

(‘no conditi@ O ditions @ no conditions
@h+k=2n @ k+l=2n @ I=2n

k=2n or |=2n




Combine with information about
reflection conditions from SAED patterns

hkO: hhl:

(‘nO COndltlon ditions <n0 COﬂdItl@
@h+k=2n .k+| 2n @ =2n

k=2n or |=2n

020




International Tables

Lave class
dim A i (4/m 2/m2{m)
Refleciion conditions o Foint group
Extinction - - .
bkl hkD RS oof (D § A0 | symbiol 4 4 4/m 422 dmm 42 dm?
P |P4(75) P4 (81) | P4/m (83) | P422 (89} Plown (99 | PA2m (111)
- Padm2 {115)
B P_2— P42,2 (50) Pa2m (113}
! Py— — Pia (TT) Pdafm (B4) | P4,22 (93]
] ko Pia2y— Pa.2,7 (94)
T I R (T (Pumost:
I=dn |k A2, {ﬂ;i:g Eg}?
[ | Phome (105} 1 PA26 (112) | Pda/Bme (1313
/ k F2ie s Pa2ie (114}
k k Feb~ Pdbm (1007 [ PA62 (117) | P4 olm (127)
k | P—be Pd;he {108) Py fBbe: (135)
i { Pdyom (101} | Pac2 (1186)
! { Pdee {103)
+1 [ k " -
+1I [ k Pdrc {104) -
htk E P = P4 fn (85) P froman {129)
Atk | k Pdy frie — Py fn (B6)
Btk [ k Pn_¢ P frome (137)

Space Group P4,/mnm



3. Precession
electron diffraction
(PED)



Ab initio solution of structures using electron
diffraction:

You have as
experimental data: > You get:
only electron the structure

diffraction patterns

Trouble: dynamical diffraction



> Precession electron diffraction

Example: SnO,


C:/Program Files/AnaliTEX/eMap/eMap.exe







Intensities of the reflections

from several zones
+

cell parameters and space ‘
group from SAED-CBED STRUCTURE
+

composition from EDX/EELS
or nominal composition



Extract the intensities using

E D M I G__PRECES-2_PBMNOP-1_102_105739-1[1].HKE - Notepad =13

File Edit Format View Help

! A
EXT RAX ; File : F:\PbMnoprecessie\102 of 103\105739_10.tif, estimation pass 4 5

7 a=14.292A, b 3.480A, gamma-89.495

r':ormat: hk1dsa
i h k 1 d-val 1Iobs Iest

-1 0-24.291 257.7 172.69

8 1 0 14.201 273.9 349.00
o -2 0 7.146 189.7 241.51
0 2 0 7.146 153.9 319.75
e 0 -3 0 4.764 165.6 203.09
Q 3 0 4.764 177.2 267.81
0 -4 0 3.573 36.8 57.03
e el . . 0 4 0 3.573 8.5 80.02
Possibilities to introduce | = ¢ & iz : :
i5: 3 3 2 -2 -1 3.139 179.8
i : 21 r ¥l 2 2 1 3.139 161.4
mistakes: 223 sl -3 -2 1 3.118 132.3
IRy 2 2 -1 3.118 147.9
: 0 -5 0 2.858 0 =5 0 2.8538 203.0
nOt WE” OrlentEd g _g _%0 §:§§§ 0 g 0 2.858 220.0
: 2 31z 2 -3 -1 2.822 279.3 °
too thick : 3 1 zmell 23 3 1 2.822 275.1 4
I i el 34288 75 3 4 3908 1002
2 4 -1 2.482 b= . .
too small precession angle 0 6 0 3.38 3 2 -4 -1 2.504 174.2
: 2 -5 128 ff o 1 2.504 158.%
too large precession angle | 3 3 1 i b
2 5 -1 2.199 204.4 381.77



http://www.numis.northwestern.edu/edm/
http://rsb.info.nih.gov/ij/plugins/extrax/index.html
http://www.calidris-em.com/eld.php

0 105749_20.hke, 270 reflections in Poi

} %, —

=101 %]

Format: h k 1 a d

0 -1 0 276.87 14 .29
0 1 0 290.24 14 .29
0 - = ——
o

g .

0

0

0

0 i

0

0 -

0

0 sz

0

0 =

0

g G

fa

sym=5.7%, Phase residual=0.0°
0 phase restriction violations
0 forbidden reflection=s with nonzero amp
78 unigue reflections

n .
41 J . gl

3 Apply symmetry

Compaéting

litude

roduced from 270

have been




0
0
0
0
0
0
1
5
2
5
3
5
0
4
5
5
0
b
5
7
5
8
9
5
0
5
0
1

0 78.10 7.20

4 10
4 8
8 4

2

nrefl

105713 hke. 43 rofis I PRRERY
105716.hke, 94 refls
< Merge <'
I~ Fixed scale

|~ Use quality

Amerge=4.54%
T otal number of reflections=125

cale factor =0.64, calculated from 12 common refls

105713.hke, 43 refls

105716.hke, 94 refls

nrefl

Tk

-

Merge hkl lists

24
12 .24 .24
Scale Aaver A

0.595
0.703
0.609
0.794
0.65

0632
Mo reflections
Mo reflections

0.591

Scale Aaver
0.604 735

0.691 142.3

0646 65.3
Mo reflections

Mo reflections
0.681
Mo reflections

Many possibilities to introduce mistakes!!

-~ P . .

1191

d-val

X

Multipl

Multipl




> Direct methods, or optimisation methods
made for single crystal data

SIR2008
Fox
Endeavour

Right structure can come out (GIGO).


http://wwwba.ic.cnr.it/content/il-milione-and-sir2008
http://vincefn.net/Fox/FoxWiki
http://www.crystalimpact.com/endeavour/Default.htm

Purpose of this lecture

At the end of this lecture, you should be able to
1) index SAED patterns if the cell parameters are known

2) know how to determine unknown cell parameters
from SAED patterns

3) determine the possible space groups from SAED
patterns

4) determine possible point groups from CBED patterns

5) determine a simple structure ab initio from PED
patterns






ED patterns for the exercises

These ED are the same as those on the
previous slides, but the contrast has
been reversed to enable easy writing.



SAED SnO,

.
. ]
L]
-

3 K L 2Theta ask
1 1 0 26,6560 3,33754
1 0 1 34.041 2.83158
Z 0 9 38.101 2.26000
1 1 1 3¢.161 2.20848
2 1 0O 42.805 2.11085
2 1 1 52.007 1.75697
2 2 O 54.380 1,86877
Q 0 2 56,155 1.58500
2 1 0 B82.139 1.,492é0
2 2 1 62.38% 1.47¢6%
i 1 2 $5.097 1.,43175
3 0 1 66,260 1.40830
32 1 1 E9.560 1.25039



Calculated SAED Aluminum

° @ & ®
e
3
°
e e ¥

_h
-




CBED and SAED SnO, [001]

Y
3 {
\’r

) . ° 3
L
@ -3 ° °
.-
o ) - o




SAED and CBED SnO, second zone




